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Objective: Our purpose was to examine the impact of the introduction of endovascular treatment on the early outcomes
of ruptured abdominal aortic aneurysms (AAAs) during 2 consecutive time periods at a single institution.
Methods: The hospital records of a single tertiary care center from 1997 to 2004 were retrospectively reviewed, and 36
consecutive patients who underwent treatment for acute ruptured AAA were identified. They were divided into 19 (53%)
patients who were all treated with conventional open surgery from 1997 to 2001 (early) and 17 (47%) patients who were
treated either with open (n 4, 24%) or endovascular (n 13, 76%) methods from 2002 to 2004 (late). All endovascular
repairs were performed with commercially available bifurcated devices. Outcome measures included death, major
complications, disposition at discharge (home or extended care facility), procedure time, blood loss, and hospital length
of stay.
Results: Age, sex, and AAA size were similar between the 2 groups. Perioperative mortality in the early and late periods
were 37% versus 12%, respectively (P  .13); rates of major complications were 84% versus 65%, respectively (P  .26);
and discharge to home rather than extended care facility was 32% versus 59%, respectively (P  .18). Median procedure
times (275 vs 149 minutes, P < .01), blood loss (3800 vs 138 mL, P < .0001), and length of stay (18 vs 6 days, P < .05)
were all higher during the early period than in the late period.
Conclusions: This preliminary study suggests that introduction of endovascular therapies may be potentially beneficial in
the overall treatment scheme of patients with ruptured AAAs. However, longer follow-up and larger cohorts are needed
to better establish its feasibility and efficacy compared with conventional open surgical repair. (J Vasc Surg 2004;40:
211-5.)Significant reductions in perioperative morbidity and
mortality have been demonstrated in elective endovascular
repair of intact abdominal aortic aneurysms (AAAs) as
compared with open surgical repair.1 However, significant
uncertainty remains regarding its long-term durability,2,3
prevention of rupture and aneurysm-related death,4 and,
ultimately, its suitability in good-risk patients. On the other
hand, its minimally invasive nature has made endovascular
AAA repair the treatment of choice in surgically high-risk
patients with appropriate anatomy.5
Surgical repair of ruptured AAAs continues to be asso-
ciated with surgical mortality rates of 45% to 50%6 and an
overall mortality of 75% to 90%, including pre-hospital
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nique, training, and critical care. In 1994, the Nottingham
group8 reported the first case of a successful endovascular
repair of a ruptured AAA, followed in 1999 with a case
series by Ohki et al9 of 12 ruptured AAAs repaired emer-
gently using a homemade aortouniiliac (AUI) device with a
16% mortality.
In this study, we examined the clinical impact before
and after the implementation of an endovascular program
for treatment of ruptured AAAs within a single institution
to determine the potential benefit in morbidity and mor-
tality of endovascular AAA repair over open surgical repair.
METHODS
Between January 1997 and March 2004, 657 AAA
(suprarenal and infrarenal) repairs were performed at the
University of Florida. These included 36 consecutive rup-
tured infrarenal AAAs, which form the basis of the current
study. The patients were retrospectively identified from an
administrative database, using the CPT (American Medical
Association Current Procedural Terminology) codes
35082 (ruptured aortic aneurysm) and 35103 (ruptured
aortoiliac aneurysm), and subsequently verified by direct
review of hospital records. All patients who underwent211
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an acute AAA rupture by the attending surgeon, while
those who underwent endovascular repair had computed
tomography (CT) scan evidence of aneurysm rupture dem-
onstrated by a retroperitoneal hematoma with or without
contrast extravasation. Ruptured aneurysms not involving
the aorta, such as isolated iliac artery aneurysms, were
excluded. Infrarenal for the purposes of this study was
defined as either (1) non-aneurysmal involvement of the
renal arteries on the CT scan or (2) the proximal aortic
anastomosis at or below the renal arteries as described by
the operating surgeon.
Nineteen of the 36 ruptured AAAs were repaired be-
tween January 1997 and December 2001 (early), and 17
were repaired between January 2002 and March 2004
(late). January 2002 marked the initiation of the endovas-
cular program for ruptured AAAs. The January 1997 cutoff
for the early period was arbitrarily set to allow comparable
numbers of patients with ruptured AAAs between the 2
consecutive periods. In the early period 412 AAAs were
repaired over 60 months and included 19 (4.6%) ruptured
infrarenal AAAs, for an average of 6.9 AAAs and 0.32
ruptures per month. During this time, 28% intact and 0%
ruptured AAAs underwent endovascular repair. In contrast,
during the late period 245 AAAs were repaired over 27
months and included 17 (6.9%) ruptured infrarenal AAAs,
for an average of 9.1 AAAs and 0.63 ruptures per month.
Endovascular repair was used to treat 67% of intact AAAs
and 76% of ruptured AAAs.
Available medical records of the respective cohorts
between the 2 time periods were retrospectively reviewed
and were compared (early versus late) with respect to age,
sex, AAA size, intraoperative data, and postoperative data.
Perioperative outcome measures included in-hospital or
30-day deaths, major intraoperative and postoperative
complications, discharge to home versus extended care
facility, procedure time, blood loss, and postoperative hos-
pital length of stay. The Fisher exact test and The Student t
test were used for categorical (with 95% confidence inter-
Rupture AAA management algorithm. *Stable, systolic blood press
resuscitation unless SPB 80 or2 mentation.vals [CIs]) and continuous variables, as appropriate, with
significance achieved at P  .05.
Endovascular ruptured AAA program. In January
2002, an algorithm for endovascular treatment of ruptured
AAAs within a single University tertiary care center was
implemented (Figure). All patients with a diagnosis of a
ruptured AAA, who did not have a prior CT scan on arrival
and who were hemodynamically stable (defined as con-
scious with a systolic blood pressure 80 mm Hg), expe-
ditiously underwent an ultrafast contrast spiral CT scan to
evaluate for anatomic endovascular eligibility. Permissive
hypotension was practiced with judicious avoidance of ag-
gressive fluid resuscitation. In cases in which an outside CT
scan was performed with 10-mm slices and the anatomy
could not be definitively evaluated, either a spiral CT scan
was repeated or an intraoperative angiographic assessment
was made on the discretion of the surgeon. In this algo-
rithm, all patients who were unstable (ie, unconscious or
with a systolic blood pressure 80 mm Hg) were taken
directly to the operating room for open surgical repair.
Components of this emergency aortic endovascular
program included a critical endovascular AAA device inven-
tory and an endovascular team comprising physicians and
technical support staff. A “rupture kit” was maintained at
all times at a cost of approximately $32,000 (Table I). It
included a commercially available bifurcated stent-graft
system designed to treat the largest aortic neck at the time
(26 mm in diameter) and the most common iliac artery
anatomy, as well as other necessary guidewires, sheaths, and
balloons. The hospital also committed the requisite human
resources to support an emergency staff, which included an
experienced endovascular scrub technician and an equip-
ment specialist, who could assemble rapidly to prepare for
an endovascular AAA repair.
Two anatomic exclusion criteria for endovascular repair
were (1) absence of a suitable proximal neck (26 mm in
diameter, 10 mm in length) and (2) bilateral small (7
mm in diameter) external iliac arteries with or without
severe occlusive disease. Due to inventory constraints, more
BP)80 and normal mentation. †Permissive hypotension, no fluidure (S
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tolerated for aortic necks smaller than 24 mm, and partial
encroachment on a renal artery origin (with adjunctive
renal artery stenting as needed) was occasionally allowed to
gain maximal aortic neck purchase. Unfavorable iliac anat-
omy, such as ectasia or occlusive disease, was managed by
using a combination of endovascular (eg, embolization,
“bell-bottom” cuffs) and open surgical (eg, retroperitoneal
iliac conduits, ligations) techniques to obtain a secure distal
fixation. All procedures were performed with surgical ex-
posure of the femoral arteries. The left arm was available for
brachial access but not routinely accessed. The conduct of
the remainder of the procedure was similar to that of
elective endovascular AAA repair.
RESULTS
All of the 19 ruptured AAAs in the early period under-
went conventional transperitoneal repair under general an-
esthesia. Of the 17 ruptured AAA in the late period, 13
(76%) underwent endovascular repair and 4 underwent
open surgical repair. On an intent-to-treat basis, all 13
endovascular repairs were completed without intraopera-
tive conversions. The reasons for open repair in the 4 open
cases included 1 case of bilateral 5- to 6-mm calcified iliac
arteries in a woman, 1 case of misinterpretation of the
proximal neck as being too short due to anterior angula-
tion, and 2 cases of unavailability of an endovascular spe-
cialist. There were no cases in which open surgery was
performed for hemodynamic instability.
Preoperative and intraoperative results are summarized
in Table II. Fourteen patients (14/19; 74%) in the early
group required a supraceliac aortic cross-clamp for some
period of time during their repair, while only 1 out of the 4
open repairs and none of the 13 endovascular repairs in the
late group required supraceliac aortic occlusion. Twelve
patients (12/19; 63%) in the early period had tube grafts, 6
had bifurcated grafts, and 1 patient expired before a graft
could be sewn in place. Three of the 4 open surgical
patients in the late group had tube grafts, and all 13
endovascular patients had technically successful implanta-
tions of bifurcated devices—the AneuRx device (Medtronic
Vascular, Santa Rosa, Calif) for the first 8 (62%) cases and
Table I. Endovascular “rupture kit.” Does not include
other disposable endovascular equipment (guidewires,
sheaths, catheters, balloons) usually maintained as
standard inventory
Bifurcated main body endograft (largest and shortest available
device): 1 @ $8,000
Assorted limbs (2 diameters in 2 available lengths): 4 @ $2,500
Assorted cuffs (2 large aortic cuff, 2 small aortic cuffs): 4 @
$2,500
Aortic occlusion balloons: 2 @ $450
Super-stiff guidewires: 3 @ $250
Large balloon-expandable stents: 1 @ $1,500
Large diameter angioplasty balloon: 2 @ $350
Total estimated cost: US $31,850the Excluder device (W. L. Gore, Flagstaff, AZ) for the last
5 (38%) cases. Twelve (92%) endovascular repairs were
performed under general anesthesia and 1 with local anes-
thetic alone. Furthermore, 5 (38%) required 1 or more
adjunctive procedures at the time of the endovascular pro-
cedure; these consisted of 2 femoral artery repairs, 1 hypo-
gastric artery ligation, 1 external iliac artery stenting, 1 iliac
conduit, and 1 renal artery stent.
Primary postoperative outcomes are also given in Table
II. The 7 deaths in the early period included 2 intraopera-
tive deaths, 1 postoperative cardiac arrest, 1 respiratory
arrest, 1 postoperative hemorrhage, and 2 multisystem
organ failures. The 2 deaths in the late period included 1
postoperative cardiac arrest after open repair and 1 fatal
pulmonary embolus after endovascular repair.
Early follow-up for the endovascular subset in the
late period. Among the subset of 13 in the late period who
had endovascular repair, mortality was 7.7% (1/13; CI,
0.0-0.35), the complication rate was 62% (8/13; CI, 0.35-
0.82), and the proportion discharged home was 62% (8/
13; CI, 0.35-0.82). The mean follow-up was 6.8 (range,
0.1-16.3) months. Seven (54%) AAAs decreased in size
(5-mm diameter reduction), and 6 (46%) remained the
same. There were no persistent primary endoleaks during
the follow-up period. Two patients (15%) developed late
secondary proximal Type I endoleaks that were repaired
with aortic cuffs at 9.9 and 15.7 months. One patient had
late proximal neck dilation without an endoleak and under-
went elective open surgical conversion at 10.2 months.
Two patients (15%) died, the first on postoperative day 7
from a pulmonary embolus and the second at 1.6 months
from a ruptured thoracic arch aneurysm that was undetec-
ted at the time of the original AAA repair.
DISCUSSION
This report is a preliminary study of the feasibility of
introduction of endovascular therapy as part of an overall
Table II. Preoperative, intraoperative, and postoperative
results between early and late periods
Early (n  19) Late (n  17) P
Men 89% 88%
Age (M  SD) 69  8 y 68  6 y
AAA size (M  SD) 7.2  1.4 cm 7.6  1.7 cm
Hypotension* (%
[CI])
68 (0.46–0.85) 41% (0.22–0.64) .18
Time to OR (median) 1 h (0.5–12) 1 h (0.5–72)
Procedure time
(median)
275 min 149 min .01
Blood loss (median) 3800 mL 138 mL .0001
Length of stay
(median)
18 d 6 d .05
Mortality (% [CI]) 37 (0.19–0.59) 12% (0.02–0.36) .13
Morbidity (% [CI]) 84 (0.61–0.95) 65 (0.41–0.83) .26
Discharge home (%
[CI])
32 (0.15–0.54) 59 (0.36–0.78) .18
AAA, Abdominal aortic aneurysm; OR, odds ratio; CI, confidence interval.
*80-mm Hg at initial presentation.
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impact on clinical outcomes. It represents one of the larger
single center experiences with endovascular repair of rup-
tured AAAs and differs from some of the earlier reports in
that we exclusively used commercially available bifurcated
endografts, our only constraints being the range of treat-
able anatomy and fiscal realities of maintaining an adequate
inventory. Although the differences in major outcome vari-
ables did not achieve statistical significance, the results
appear to suggest that introduction of endovascular repair
in the therapeutic armamentarium for ruptured AAA may
be of benefit in the reduction of perioperative morbidity
and mortality as compared with open surgical repairs, espe-
cially in the subset of acutely ruptured but “stable” AAAs.
Furthermore, the reductions in blood loss, procedure time,
and hospital length of stay in the setting of ruptured and
symptomatic AAAs seem to mirror the published results
comparing elective repairs of intact AAAs.1,10
Accumulation of sufficiently large cohort sizes to
clearly assess the impact of this new technology on ruptured
AAA repair was difficult due to the relatively infrequent
incidence of ruptured AAAs within a single institution.
Indeed, as noted previously, although the proportion of
ruptured AAAs during the 2 consecutive time periods
almost doubled from 0.32 to 0.63 ruptures per month,
ruptured AAA repairs represent only 8.5% of all AAAs
treated in the last 4 years. This is lower than the national
average of 12% as abstracted from Medicare databases,11
but reflects the referral nature of our practice.
Poor outcome after open ruptured AAA repair has been
attributed to the significant systemic inflammatory re-
sponse and its resultant multisystem organ dysfunction.12
In patients undergoing surgical repair of ruptured AAAs,
this normal physiologic stress response to surgical injury is
presumably exacerbated by preoperative hypotension, “col-
lateral” trauma that occurs during aortic exposure, lower
torso ischemia-reperfusion injury associated with aortic
clamping, hypothermia from a prolonged laparotomy, and
coagulopathy from large-volume resuscitation. The physi-
ologic benefits of endovascular repair may be through
direct attenuation of these events by maintenance of the
retroperitoneal tamponade, with consequent reduction of
blood loss, limiting of collateral surgical injury, avoidance
of aortic occlusion, and improved thermoregulation.
The endovascular repair rate of ruptured AAAs in our
study was 76%. This is higher than earlier reported rates of
anatomic eligibility, which suggested a range from 30% to
40%.13,14 When discussing endovascular treatment for rup-
tured AAAs, the “actual” repair rate may be more appro-
priate than “anatomic eligibility,” as endovascular repair of
ruptured AAA involves logistical factors, such as operator
and inventory availability, as much as anatomic factors. As a
wider range of commercially available designs and sizes
become available and the collective expertise of endovascu-
lar aortic specialists increases both in depth and numbers,
the repair rate reported in this series may more closely
approximate the broader experience.Expeditious CT imaging was critical in the execution of
our treatment algorithm. In a recent study by Lloyd et al,15
56 patients with ruptured AAAs were observed without
undergoing repair and survived a median interval of 10
hours, with 85% surviving over 2 hours. This suggests
that most patients who arrive alive to the hospital with a
ruptured AAA have already passed a self-selection process.
Therefore, if a CT scan can be obtained rapidly to deter-
mine endovascular eligibility, most patients would survive
this additional but important diagnostic step to optimize
the chances for a successful endovascular repair.
Although long-term durability of aneurysm repair is as
important as short-term outcome, immediate “endovascu-
lar damage-control” may be an appropriate goal in the
setting of a ruptured AAA. In these cases, consideration
should be given to modify the criteria for success after
attempted endovascular repair in compromised or marginal
anatomy to include cessation of bleeding and restoration of
physiologic stability. Endovascular management could
then serve as a “bridge” to definitive surgical or endovas-
cular repair performed under more elective circumstances.
In conclusion, introduction of endovascular techniques
as part of an overall treatment algorithm for ruptured AAAs
appears to be potentially associated with improved out-
comes as compared with open surgical repairs alone. These
results, however, are preliminary and larger series with
longer follow-up will be necessary to clearly assess the value
of this approach. Furthermore, caution is justified at
present regarding its widespread applicability given the
logistical obstacles, the uncertainty of its long-term dura-
bility, and consequences of late failure. Studies such as this
and others should add to the clinical equipoise for a multi-
center randomized prospective trial between open versus
endovascular repair for ruptured AAA in the future.
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Available online Jun 25, 2004.DISCUSSIONDr William Marston (Chapel Hill, NC). We are all aware that
the mortality for ruptured AAA has not improved significantly in
the last 2 decades, with most reviews finding a 40% to 60% death
rate in those who undergo attempted surgical repair. It is believed
that this risk remains high due to the impact of surgical repair, with
extensive blood loss in a poorly prepared patient who often has
significant medical comorbidities.
Surgical technique is unlikely to evolve in the near future to
reduce the impact of emergent repair, so we must actively evaluate
other techniques that may reduce the physiologic stress involved in
urgent aortic repair.
In this report, although a relatively limited number of patients
were treated in the rupture group, the authors were able to achieve
aneurysm exclusion with patient survival in a remarkable 10 of 11
cases. If this survival rate can be duplicated in larger series of
patients at other hospitals, we can achieve a breakthrough in the
treatment of ruptured AAAs.
To help us as we attempt to duplicate these results, I ask the
authors the following questions:
1. Hinchliffe and colleagues from Nottingham recently reported
that fewer than half of their patients presenting with ruptured
AAAs were candidates for endovascular (EV) repair based on
anatomic criteria. In your experience, what percentage of your
ruptures was amenable to this approach?
2. It was not clear from your article whether you were able to offer
EV repair in the most emergent cases, or whether these cases
received open repair due to the time required to mobilize the
equipment and personnel required for EV repair. How often
were you able to achieve your goal of getting the patient from
emergency room to the operating room with femoral access
within 60 minutes?
3. In our limited experience with EV repair of ruptured AAAs at
the University of North Carolina, we have noted a few patients
who developed large retroperitoneal hematoma postoperatively
with a resultant ileus. Have you seen this as well, and do you
think it occurs before aortic exclusion, or after exclusion due to
patent aortic side branches or transgraft flow?
4. And finally, which type of endograft do you prefer for emergent
repair and why?
Dr W. Anthony Lee. First, regarding Hinchcliff’s paper,
indeed his was one of the earliest papers reporting on the endovas-
cular repair of ruptured aneurysms. In fact, if you look at the
published works, most of the work is from Europe, and when you
read between the lines of his article, he included a lot of patients
who were obviously not endovascular candidates, whether they
were ruptured or not ruptured.
Furthermore, I believe that his is a very early experience with
early generations of commercial grafts, despite the fact that in
Europe there was a larger variety of different endografts available.I think the later generation devices with the slightly lower profile
and increased flexibility certainly have increased the percentage
amenable to our approach.
Regarding time to mobilize these patients and whether we
met that 60-minute goal, I think fewer than half of the patients
actually made it. The other thing is that, by the time we get called,
the patient often has been sitting in the emergency room for several
hours, so perhaps the real benchmark is time to presentation to the
emergency room rather than when the vascular surgeons are actu-
ally called.
Regarding the large retroperitoneal hematoma, we have not
seen a remarkable increase in the hematoma size between the
preoperative computed tomography (CT) scan and the first post-
operative CT scan, but, if you have noticed it, this may be due to
the actual manipulation of the aneurysm during the passage of the
sheaths and the endografts and possible disruption of any tenuous
clot that may be tamponading the actual rupture, which may have
bled intraoperatively but is not recognized until after the postop-
erative CT scan is obtained.
Regarding what type of endograft, well, this experience in-
cludes 2 main device manufacturers. One is the AneuRx and the
other is the Gore Excluder. I have to say they are about equivalent.
People have written about the use of using aortouniiliac or mono-
iliac grafts as possibly being more rapid in terms of aneurysm
exclusion. We have been able to cannulate the contralateral limb
fairly rapidly, and a bifurcated device per se has not been a signif-
icant impediment to completion of the procedure in a rapid and
expeditious manner.
Dr Greg Modrall (Dallas, Tex). How do you deal with a type
2 endoleak noted on the completion arteriogram in a patient with
a ruptured aneurysm?
Dr Lee. In the 2 or 3 case reports that are out there regarding
endoleaks after ruptured endovascular AAA repairs, the endoleaks
appear to behave no differently than the repairs of intact aneu-
rysms. Indeed, there was 1 report of a patient who had a type 1
distal endoleak and even that was “cautiously” watched. It even-
tually sealed with no clinical consequence to the patient.
Dr Enrico Ascher (Brooklyn, NY). Did you have an oppor-
tunity to do a financial analysis between the endograft and open
repair?
Dr Lee. I think that is clearly one of the next steps as we look
into this further. As mentioned in the presentation, the estimated
cost of the initial inventory is $35,000. Some of the device manu-
facturers are requiring so-called bailout kits, not so much for
ruptures but during the performance of routine endograft proce-
dures, and they can range anywhere from $25,000 to $30,000. So
you are looking at right now, if one were to embark on this
program, about a $60,000 initial capital investment to maintain
that inventory, but regarding general hospital costs, we haven’t
specifically looked into that.
